Penetratin-functionalized PEG-PLA nanoparticles for brain drug delivery.
Nanoparticulate drug delivery system possesses distinct advantages for brain drug delivery. However, its amount that reach the brain is still not satisfied. Cell-penetrating peptides (CPPs), short peptides that facilitate cellular uptake of various molecular cargo, would be appropriate candidates for facilitating brain delivery of nanoparticles. However, such effect could be deprived by the rapid systemic clearance of CPPs-functionalized nanoparticles due to their positive surface charge. Penetratin (CPP with relatively low content of basic amino acids) was here functionalized to poly(ethylene glycol)-poly(lactic acid) nanoparticles (NP) to achieve desirable pharmacokinetic and biodistribution profiles for brain drug delivery. The obtained penetratin-NP showed a particle size of 100 nm and zeta potential of -4.42 mV. The surface conjugation of penetratin was confirmed by surface chemical compositions analysis via X-ray photo electron spectroscopy. In MDCK-MDR cell model, penetratin-NP presented enhanced cellular accumulation via both lipid raft-mediated endocytosis and direct translocation processes with the involvement of Golgi apparatus, lysosome and microtubules. In vivo pharmacokinetic and biodistribution studies showed that penetratin-NP exhibited a significantly enhanced brain uptake and reduced accumulation in the non-target tissues compared with low-molecular-weight protamine (CPP with high arginine content)-functionalized nanoparticles. These data strongly implicated that penetratin-NP might represent a promising brain-targeting drug delivery system. The findings also provided an important basis for the optimization of brain drug delivery systems via surface charge modulation.